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‘Abstract of the Disclosure: A" solxd depot ‘dreg form
produced by . melt cxtrusion at from 50 to: 200°C and . .
continuous shaping of a mixture of from 0.1 to 70% by - S
weight, based on the £im.ahed depot fora, of a pharma-

. ceutical active ingredient with a polyner melt of the-_?. R

following compos:.txon H

a) at least 6% by wex.ght, based on the complete depot-

" form, of at least one wate:—lnaoluble poly(meth)-:.
acrylate with a glass transition tempera..ure 'rg in
the range from -60 to 180°C,

b) a water-soluble hydrox‘ulkylcellulose or. hydroxy- 3
alkylmethylcell.\loae with 2 or 3’ carbons in the
hydroxyalkyl, or an N-vr.nylpyrrolidone polymer m.thf ’ i

zom 0 to 50% by weight’ of vmyl acetate or a
mixture of the 2wo ' ' S

‘in the ratio a):b) = 5: 95 to 95: 5, and .

c) 0-30% by weight, based on the finished depot form,
of one or more coqv_entx.onal phamcgut;cal;
auxiliaries. S S '
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Solid depot druq fo .
The present invention relates to a sc}lid -dépot ]
drug form which is produced by melt extrusion and sh&pi’ng,l' A.
and in which the active ingtedient is embedded 'in a' .
mixture of at least one particular water-insoluble and at

‘least one particulax water-soluble polymer. The,shaping :
is 'carried out continuously, pr‘efe’rablyl by hgt-cutj. o

pelletization.

US 3 432 532 describes the in)ectxon molding ofl .

- pol ,rmer melts conta.w.m.ng active xngredxents. The polymers

used therein are expressly. stated to be. soluble or at
least partly ‘soluble in the d;gestxve tract so that'.

release of the active xngredxent is ensuted. However, =
partly soluble tablets of this: ‘ype are mechanxrally' T

sensitive so that they may be dan-aged by the perxstalsx.s-

in the digestive tract, and uxufom release of actx.ve -
' ingredient is no longer ensured. Reference is made to

only the following soluble polymers:.a complex: polymer
which is composed of an amino diol and of an epoxide and
wb;ch is ‘not conventional in . drugs, .and ..polyv'iriyl‘

" alcohol, which is known tc be difficult to process, or a

partially hyc_!.rolyzed cop»olymerv' ‘of ’vir.yl' acetate and
crotonic acid which is soluble only at elevated pH. This:
process addxtxonally has the dlsadvantages of injection -

" molding such as a long time apent at elﬂvated temperature: o
and large material losses cwing ‘to: the feed charnals -

whose contents must not be ‘reused. In addit.l.on, the moldAr

costs are extremely high in relatzon to the p*oduct:.on.. s
rate. : ’ , .
The extrrusicn of melts ofwatér-sdluble polymers
containing active ingredients is -disclosed in’ E?-A- .
240 904 and EP-A 240 906. Bowever, it has emerged that )

the products cannot in many cases be étpred for long

because the depot effect decreases with time. .
' It is an object of the px:esent. invention to ‘
develop a ‘solid depot form which is produced by extrus.Lon .

~and contxnuous -shaping and does not have these,_
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dzsadvantages. The advantage cf extrmuon ‘over other :
techruques such as granulation and tabla‘tinq is that ‘the

technology is simple, 'solvents arce _avolded. ‘the numrer o
_and amount o’ auxiliarias is minimized, it is possible to.
prepare fixed solutlona, elaborate mixing processes are ..

avoided and, in particular, the pos:u.bx.l.\ty cf demixing - .
of the components is avoxded, in other words the- com—
position of the xndxvxdv'al depot forms throughout pro- -
duction 13_ raliably absolutely constant. In addition .
there are the advantages of a'cont"m'xouslproccss' with .
high throughput and small material losses.

¥a . have found, ‘surprisingly, that depot f.oma, o

produced from a mixture containing an active :.ngred:.ent:

and at least one water-insoluble and at least. one water- . .

A scluble pclymer by -extrusion and cont:\.nuous sharlng by .

i calenderlng or strip or hot-cut pelletlzatxon as claimed .
in clam 1 are stable to mecham.cal sttess, J.e. after the

solubles have dissolved out there remains a stable'
framework of insoluble polymer even when it comprises
only 6% by weight of the complete depot form. This makes :

~the release rate J.ndependent of the paddle speed in an in -
vitro test. In add:.t.ton, they_, are stable on stotage,"

which was likewise not predictab)e, there beirg no

reductlon in the depot effact with time. The depat forms

accordxng to the invention ‘are chus’ supen.or to. all '
previously disclosed depot- “forms produced in a smlarly .

.simple way by extrus:.on and :.n]ectian mold.mg.

"The present invention therefore relates; to a-

_ solid depot drug form ‘produced by melt extrusion at from -

50 to 200°C and continuous shaping of a mixture of trom
0.1 to 70% by weight, based oa the tinished depot form,
of .a pharmaceutical active :mgre.h.eut with a rolymer melt ’
of the following compositicn:

a) at least 63 by we:.ght, based on the complete depot

form, of at ieast one Vacer-insoluble poly(meth)-
acrylate with a glass transition: temperatw'e Tq in
the range from -60 to 180‘(:,
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b) a water-soluble hydxoxyalkylcellulose .or hydroxy- L
alkylmethylcellulose with 2 -or-3 carbons 'in the -

hydroxyalkyl, or an N-vxnylpyrrohdone polymer wx.th.

from 0 to 50% by weight of- vmyl acetate or a .

mixture of the two S e

"in the ratio a):b) = 5:95 to 95 5, prefe:ably 15:85

.to 85:15, and . -
c) 0- 30! by weight, based on the fuu.shed depot fom,
" of one or morg conventional phamacet.txca.l
auxiliaries. ] : o :
Examples of solxd depot drug foms are tablﬂt:s,'
coated tablet cores, ‘pellets, granules and supposxtories

- with delayed release of active xngredlent.b Powders and

capsules are not included.
Phamceutxcal active J.ngredxents mean fot the '

'yurpose of the invention all substances with a phama-"

ceutical action and minimal side effec;s ‘as long as: they
do not decompose under. the proces';sing. 'g:énditions. ‘The
amount of active ingredient per dose unit and 'the con-
centration may vary within wide l:.mta depending on the y

activity, and release rate. The only cond:.t:.on to be met -
'is that they suffice to achieve - the req\ured effect.

Thus, the concentration of act:.ve J.ngred.xent can ke in

‘the range from 0 1 to 70, preferably from 0.5 to 60, % by . v

weight. . : .
Suitable water-insoluble pélYmgxa a)A are only
thnse which ' contain no physiologically _unacceptable )

monocmers, and do not eliminate any such on: 'extmsion'

either, and which are sufficiently tough and elaata.c that =

the solid depot drug forms produced . from them are not
damaged in the digestive tract. We have founc that these

" conditions are met in an outstand.u.g manner by water-

insoluble polyacrylates and polymethacrylate; with glass

_transition temperatures Tg in t'he' ‘range from -60 to

180°c, prefetably from 0 to 150°C. These are, in par-
ticuiar, polyacrylic esters of alcohols with 1 to 8
carbons and polymethacryh.c esters of alcohols with 1to
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4 éarb:ma, ’ as well as mxtures thereof preferahly' '
copolymers of acrylates and/or methacrylates of alcohols’

’ wu:h 1 to 4 catbons with one another and with from 0 to'v

20 mol% of acrylates ‘and/or methacrylates wkuch contaln
a quaternary ammonjum group in -their C;-C -alcohol com-

poneat. The efisct of these is that the’ polyrre_ has a - :

certain swellab;lxty which may have beneficial effects on-
the release of active Lngredient. Examplea which may be
menticaed .are copolymers of ethyl ac "late, methyl -
methacrylate * and trmethylmon;oethyl methacryla"e )
chloride in the molar ratio from 1:2: 0.1 to 1:2: 0.2. .. ¢

The water-aoluble polymer - component " b) cis .

ccmposed of hydrcxyalkylcellulose or h}'droxyalkylmethyl-

' cellulose with % or 3 carbons in the hydroxyalkyl and .

with a degree of hydroxyalkylatica’ of from 0.5 to 70‘,_
and/or with a degree of methoxylation of from 0 to 35%,A

or of a vinylpyrrolidone homo- or copolymer vxth up- to_ -

50% by weight of vinyl acetate or a mixture of the two._ ’
'Water-solable"' or water-insol&blé' mears that

. at least 10, preferably at least 20, g or leas than 10,

preferably less than 1, mg of the polymer dxssolve in one
liter of water at 20°C.

The ratio of polymera a): b) should be in’ the_"

‘range from 5:95 to 95:5," preferably from '10:90 to- 90:10,

parts by we:.ght. Remarkab]y, it, is poasJ.ble with 6\ of »
component a) to produce tablets_ whoae external ahape'i

‘remains undamaged (although very porous and vircually

only as akeleton) in the digestive tract. - A

Component c¢) can be composed - of one ‘or’ more
conventional pharmaceut:.cal aux:.lxaries. Suitable ex-
amples are: extenders and/or lubricants suc'; as axlxcates
or diatomaceous earth, stearic- acid or salts thereof-
with, for example, magnesium or calcium, polyet‘xylene
glycols, cellulose der.watives, tale, sucrose, lactose,
cereal or corn starch, potato flour, as well as wetting
agents, preservatxves, redox stabxl;zers, pla"n.cxzers,
adao:_:bent:s, flavorings (cf., for‘ example, E. Sucker et
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al., - Pharmazeutische Techhelegi.e._ : 'r‘:.\.eme-Verlag, )
Stuttgart 1978). ’ o

» The mixing of the act:we mgred:.e'xt oc- .mgre- T
dients with the polymcric bxm..ns, with or m.thout ather T
.ccnventional pharmaceutxcal additives,_» can “taka place” o
befcre or after the melting of the polymenc. binder by . -
conventional processes. Mix.mg is preferably carried out':‘ '
in an extruder, preferably a tw:.n screw .extruder or a:

single scraw extruder with mixing secn.on. ,
' The polymeric binder should soften cr melt in the o
coumplete mixture of all the components in the range from .-
50 to 180, preferably from 60 to 153°C se that . the .
m&terial can be extruded. ‘rhe glass transxtlon tem-

perature of. the polymers must therefore always be below -
: lBO'C.

‘The melts axe free of solvent. This means that no. ;

“water and no organic solvent is added.

- The.shaping is effected by exttns:.on at from 50-
to 180°C, preferably from 60 to 150°c, . and subsequent
continuous shaping of the still ‘plastic extrudate, eqg.
to tablets, for example as descn.bed in US 4, 880 585 by

passing the extrudate between two count:er-rotat:.ng rolls

with opposing depressions in thea.r surfaces . whose des:.gn
determines the shape of the tablets. Strxp pelletxzatlon '
is also suitable. : :

Hot-cut pellet:.zatlon is preferred. Th:.s enta:.ls
the extrudectes bexng cut: by rotatxng krives .unmed:.ately
after emergence from the’ die, . expediently -into p:.eces
whose length is roughly the same as the dla.meter of the

_extrudate. These cut-off particles of the melt cool in:/

the stream of air or gas’ so that the surface is non-tacky
before there is contact with other particles or a vessel
wall but, on the other hand, the particles are stxll.

. sufficiently plastic to acquire a spherical shape due to

collisions, eg. with the wali of a downstream cyc;:me.

The particles obtained in this atraiqhtforward manner are.

substantlally epherz.cal or lentxcular and have dlameters‘
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of from 0. 5 to 4, preferanly from 0.8 to 2 ‘mm. 'rhe"
preferred smaller part.xcl-s are prunar-ly suxtable fot'
filling capsules.

If required it is also possxblclfo provxde the -

solid drug form with a convenucnal coanrg to J.mprove-'-.-'

the appearance and/or the  taste (coated tablet) or for. -
additional delay of rel-»aae of active mgred-ent. For'
oral tablets with delayed release of active ingredient it

‘may be beneficial for the tablets to be prodnced by one
of the conventional techm.ques in closed-cell porous form

so that they float in the stomach and thus rema:.n there
'onger. . : ’

The inventien, pernu.ts in a- smple and envxron-f}-
mentally acceptable manner (without solvent) ~specific
adjustment ~ of  the . depot - effects _ substant:.allyf
...udependently of the shape and the size of the drug form.

" The drug forms according to the J.nventz.on rema:.n

substantxally dimensionally stable in the dxgestxve tract

- 80 that release of active x.ngred;ent takes place
_'v:.x:tually ex».lus:.vely by diffusiorn. The J.nvention a.lso_
© makes it possible to achieve p8-1ndependent zelease of. :

active ingredient. The ‘depot’ effect can also be adjusted
extremel-' strictly even. for smali depot . fonns. The

_varxatlon in release of actxve xngredxent J.s, because of
‘the g:eat homogene:.ty of the material in con]unct:.on ‘with

the dimensional stability, low ~and outstandxngly-
repioducxble. The kinetics of - release . of -the actz.ve -

J.ngredient .remain surprisingly stable . even on storage

under ' extreme cl:unatlc conditions. (temperature,A
humidity). It is furthefmore surprising that -the drug.
forms according to the invention show v.l.rtua.lly no cold'

. £low, in contrast to extruded drug forms which contain no.

water-insoluble polymer. _
EXAMPLES
EXAMPLE 1 , :
60 parts of theophylline, 10 parts cf a copolymer'

with a K valus of 3¢ and composed of 60% by weight of - -
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Aqualor) ang 20 parts of a copolymez 6fve'th'y_lf acrylate,

- N-vinylpyrrolidone and 40% by _wéigh£ of vinyf a.c_e'ta'té,’» V
. 40 parts of hydroxypropylcellulose (_Klucel"E_F"s_upp],ied by

methyl mathacrylate and trimethylammonicethyl meth- °

acrylate chloride (molar ratAio'v"'I:Z:O.l;’ _B\idrag’it_', RS .

supplied by Réam’ Pharma, Weitetstadﬁ) -were lnixéd.~ a'_nd_'f )

extruded in a twin screw extrude‘r;"‘l’he; extruder ‘sections

were ‘at 70, 80, 100 and 120°C, and the die was at 130°c. -

The resulﬁipg- extrrdate was fed into an embossing

calender with 750 mg molds. In the USP XXI nd-chéng§ test

“at pH 1.2 .and PH 6.8 the release of active ingredient .

from 't!ie tablets was 62% in 8 h,: ‘i_x'r'eapectiv's_of'__ﬂ;g pH.‘.'
and of the paddle speed. The tablets. were stable: on.

'storage at 50°C and 30°C/75% relative humd:.ty for _.'aﬁ.

least 1 year. e
50 parts of theophylline, 30 parts of g'capolymér

ethyl acrylate (in the ratio 2:1 «by‘_weight) were pro-
cessed under the conditions of _Eiample 1 and ffalgndéred

8 h was 68%, irrespective of the pH. .
o - EXAMPLE 3

with 500 mg molds. The release of aé;ive‘ingredienﬁ_ after

_ﬁi.th‘a K velue of 30 and composed of "60%_ by weighﬁ‘ of -
N-vinylpyrrolidone and "40%. by weight of "vinyl -acetate,
- and 20 parts of a copolymer of niethyl'methaciylat}ef'qnd‘ o

50 parts of theophylline, 10 parts of bydroxy~"
propylcalluloga and 30 parts of a copolymer of ethyl
acrylate, methyl methaérylate‘ and t:ﬁethyli@onioeth)}l "
methacrylate chloride (molar ratio 1:2:0.1) and 10 parts-.
of a copolymer of ethyl ac;:ylate,. methyl mth#ciyl_a.t’e and -

trimethylamonioethy; methacrylate chloride (molar ratio

1:2:0.2, Budragit® RL supplied -. by Réhm P@anm,

inter_atadt) were mixed and extr_uded in a twin ‘screw -

extruder. The extruder sections were at 70, 80, 100 and

120°C, and the die was at 130°C. The extrudates emerging
from the 1.0 mm ¢i~ were cut off (hot cut) by a rotating

knife so that substantially spherical péxti_claé were .
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obtained after cooh.ng in a stream of air and cyc}.one"
separation. 99% of the. paxtxcles ‘had a dxamnter of from’

1.0 to 1.5 mn. The release of act.we Lngredxent xeached~ S

60% in 8. h.
EXAMPLE 4

6 parts of bxper:.den, 9 pazr.s of a copolyme: sxth"v

a K value of 30 and composed of 60% by weight of N-vinyl-: V
pyrrolidone ‘and 40% by weight cf vinyl acetate, 10 parts -

of hydroxypropylcellulcse, and 75 parts of a’ copolymr -

of ethyl acrylate, methyl methacrylate and : trmethyl-o_-

ammoniocethyl methacrylate chloride (molar xatio 1.‘.0 1. - C
were extruded (70, 80, 100 and 110°C, dq.es_ 110°c)" and S

hot=-cut  (die di.ameter 0.8 mm). 95% of the pelleto" had i', 4
diameter of from 0.8 to 1.3 mm. The release of the active

','uxgred:.ent in 8 h was’ 83%.

. EXAMPLE 5

Pellets were prepared as in the above examples PR

frem 20 parts of nifedipine, 62. 5 par:ts of a copolymer:- .
with a K value of 30 and composed of 603 by weight of -
N-v:.nylpyr*olxdone and 40% by we:.ght of v:.nyl acetate,"‘
and 17.5 parts of a copolymer ofethyl acrylate,. met_hyl.
methacrylate and’ trimethylamionioethjl methaorylate
chloride (molar ratio 1:2:0.1) (sect.xons at. 80/100/100/;_’ ;
115°C, die at 120‘(., die diameter’ 1 0 mm). 87% of . the-_-'_"

particles had a diameter cf from 1 25 ‘to 1.8 m.A The .-

release of " active J.ngred:.ent in 8 'h’' was'- 52%. blo

m.fech.p:.ne crystals were oetectable e:.ther by Debye—:j
Scherrer X-ray measurements or i.n DSC mvestxgatxons.

EXAHPLE 6 . -

40 parts of melperone, 30 parta of a copolymer

which had aE value of 30 and was composed of 60% by

we:.ght of N-vz.nylpyrrol.xdone and 40% by weight of v.my}. o

acetate, and 30 parts of a. copolymer of ethyl acrylate,
methyl methacrylate and trmethylamonioethyl ‘meth- -
acrylate chloride (molar ratio 1:2:0. 1) were extruded .
(sections.at 60, 70, 80, 90 and 100°c, - ‘die at 120’C) and "
calandered with 500 ng molds. In the USP XXI no-charige ’
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‘test " at pﬂ ]'.2- and pB 6.8 the tablet" snowed ‘a.

pﬂ-xndependent release of active inqredzen- of 85& in
h- N . '
EXAMPLE 7 - L . .

40 parto ‘of melperone, 12 parns of a copolymer_f., 4

which had a K value of 30 and was composed of 60% by::, '

weight of N-vznylpyrrolxdone and 40% by we.\ght of vxny].'_ﬁ
.‘acetate, 8 parts of- hydroxypropylcellulose and 40 parts
of a copolymer of. ethyl acrylate, m methyl ugthacrylate and

tr.unethylammom.oethyl mﬂthacrylate chloride (molar ratio

1:2:0.1) were extruded and hot~cut ( see . Example -3, ’
-sections at 60, 80, 90 and 110°C, die at 120'C, die -
‘diametex 1.0 mm). 95% of the pellets had a ‘diameter of -

from 1.2 to 1. 8 mm. The relzase of active J.ngred:.ent inl:
8 h was S$6%. - -
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We claim: | |

1. A salid depot ‘drug form produced by ‘melt

.nxtrusxon at from 50 to 230°C and .continuous abap.mg of . .
a mixture of frem 0. 1 ‘to 70%- by wez.ght, based on ‘the s
- finished depot. form, of a pha-maceutxcal active .l.ngre-f‘,':»:
" dient with a polymer ‘melt of the following composition: -

a)’ at least 6% by wexgh “based on the complete depot.
form, of at least one water-insoluble poly(meth)-

acrylate with a glass :ransxtion temoezature I'g 1n ’
the range from -60 to 180°C,

b) a watet-soluble hydroxyalkylcellulose or hydroxy--» co

alkylmethylcellulose with 2. or 3. carbons in- the_"

"hyd.oxyalkyl, or an N—vxnylpyrrol.\.do-xe polymer with

.from- 3 to 50% by weight L. Vi nyl acetate or- a -
" mixture of the two : i

" in the ratio a):b) = 5:95 to 95: 5, and

c) 0- 30% by weight, based on the finished" depot form, E
of one  or more convent:.onal pharmaceut.cal' '
aaxiliaries. ]

2. - A solid depot drug form as cla.uned in cla.un 1,

wherein polymer a) is composed of a copolymer of acry- :

lates with C;-C,-alcchols or " methacrylates © with -
: c,,-c.-alcohols and from 0 to 20 mol% of a (meth)acrylate R
containing gyuaternary amom.um groups.. '

3. A solid depot drug form as claimed in claim 1
. where.u\ shaping is by hof-cut pellet‘ zat:.on.
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